The total runoff from a catchment is dependent on both the soil characteristics and the land use/land cover (LULC) type. This study was conducted to examine the effect of changes in land cover on the total runoff from Ofu River Catchment in Nigeria. 1987-2001, 2001-2016 and 1987-2016 were statistically significant (P<0.001) at 95% confident interval. The average change in runoff depths were 79.81% -11.10% and 48.09% respectively for 1987-2001, 2001-2016 and 1987-2016. The study concluded that the changes in LULC of the catchment had significant effect on the runoff from the catchment.
Introduction
Runoff refers to that part of precipitation which is drained from land after all losses such as groundwater and evaporation and makes its way towards the river, stream or ocean (Patra, 2008; Suresh, 2008; Mustafa and Yusuf, 2012) . Among other factors, land use/ land cover type has been identified as one of the major factors that could affect the amount of precipitation that ends up as runoff (Patra, 2008) . Land use degradation can significantly affect infiltration and surface roughness which could lead to higher flood discharges (Saghafian et al., 2008) . In as much as weather and climate are the major determinants of flood, land cover changes can also influence the occurrence and frequency of floods by changing the responsiveness of river flows to rainfall (Solín et al., 2011) . The assessment of land use/ land cover changes is therefore very important in catchment flood studies. Ofu River catchment in Nigeria has a very long history of being flooded which among other factors may not be unconnected with the consistent land use changes primarily due to urbanization in the area. A holistic understanding of the factors responsible for this menace will require an investigation into the role this land use changes play in the runoff to receiving water bodies. This knowledge will contribute to the management of the flood menace within the catchment. Notwithstanding the importance of this investigation, none has been carried out in the present study area to the best of our knowledge. This is therefore the motivation behind the present study aimed at assessing the effect of land use/land cover changes on the runoff from the catchment.
Materials and Methods

Study Area
Ofu River catchment lies between latitudes 6 o 46ˈ N and 7 o 39ˈ N and longitudes 6 o 42ˈ E and 7 o 21ˈ E (Figure 1) (Alfa, 2017) . The study area falls within the Lower Benue River Basin Development Authority in North Central Nigeria. Figure 1 shows the Map of Nigeria showing the study area. The study area is characterized by a tropical sub-humid climate with a fairly wide seasonal/ diurnal range of Temperature. Rainfall within the catchment is concentrated in one season lasting from April/May to September/October. The overall climatic characteristics of the area are generally determined by the Inter Tropical Convergence Zone (ITCZ) and air mass movements. Climatologically, the study area falls within the tropical continental north region (AR-AR, 2004) . Ofu River catchment is underlined by cretaceous sediments. Basement complex rocks, mainly granites and granitic gneisses are found at the upstream of the River the outcrops of which appears to be scarce or absent (AR-AR, 2004) .
Data Collection and preparation
The datasets used in the study are the soil map and satellite imageries for 1987, 2001 and 2016. The soil map was extracted from the Digital Soil Map of the World (DSMW) obtained from (http://www.fao.org/geonetwork/srv/en/metadata.s how?id=14116). The soil types, area covered and hydrological soil group (HSG) for the extracted soil map (Figure 2 ) are presented in Table 1 . atmospherically corrected since the spectral reflectance was the vital component for their classification. The rainfall data used for this study were obtained from the radar data available on http://www.waterbase.org/download_data.html.
They consist of data from 41 stations surrounding the study area. The data covered a 35-year period from January, 1979 to December, 2013. They were respectively plotted in ArcGIS 10.2.2, interpolated using the ordinary kriging method and the surface raster for the study area extracted. The average precipitation in mm for the respective daily rasters were estimated and used for the assessment.
Image classification
The Band composites (Mausel et al., 1990) were created for the respective imageries using the image analysis extension in ArcGIS 10.2.2 after which the extraction spatial analyst tool was used to subset the image to the study area. The Normalized Difference Vegetative Index (NDVI) (Pettorelli et al., 2005; Anyamba and Tucker (2005) and the Normalized Difference Built-up Index (NDBI) (Li et al., 2009; Varshney, 2013) were respectively calculated for each year to show the extent of vegetative covers and built-up areas. The NDVI and NDBI were both derived using the Raster Calculator in Spatial Analyst Map Algebra toolbox in ArcGIS 10.2.2 using (1) and (2) respectively. The details of the bands used for the generation of the indices are shown (Rozenstein and Karnieli, 2011; Su et al., 2011) . Ground truthing was embarked upon after the classification of the imageries so as to reaffirm the land use /land cover classes for the 2016 imagery. The values of CN obtained for the respective HSG were used to compute the composite CN for the catchment based on the soil classes and their corresponding HSG and CN. The composite CN for the Catchment was computed using (4).
Where A j = Area of soil class j, CN j = Curve number for HSG/Soil class j
Estimation of runoff depths
The Natural Resource Conservation Services (NRCS) Curve number method was used to estimate the daily runoff from the Catchment. The method described in the TR-55 (1986) was adopted for the estimation of runoff depth using the rainfall values. The first step was the estimation of the storage, S using (5). The storage is a function of the catchment runoff curve number. The initial abstraction, I a which is a function of the storage, S was calculated using (6) assuming AMC II condition while the runoff depth was calculated using (7).
Where P is the precipitation. 
Results and Discussion
Land use/Land cover changes within Ofu River catchment
The classified LULC for 1987, 2001 and 2016 for Ofu River catchment are presented in Figure 5 . Three distinct LULC classes (Built Up, Vegetation and Bare Surfaces) were identified and classified accordingly. The respective areas covered by different classes on the other hand are presented in Figure 6 . 
Runoff depths
The respective runoff curve numbers, catchment storage and initial abstraction for 1987, 2001 and 2016 are presented in Table 3 . The runoff depths were estimated using the curve number, storage, and initial abstraction presented in Table 3 . The 95% confidence interval plot of the runoff depth Table 4 . The P-value of 0.000 obtained for all the comparisons show that the difference in the runoff depths for the respective years were significant. The significant differences observed in the runoff depths for the respective years, demonstrates that the LULC changes actually has a significant effect on the runoff depth. The average change in runoff depths presented in Table 4 demonstrates that while an average 79.81 % increase in runoff depth was observed between 1987 and 2001, a decrease of on total runoff from a river catchments (Hernandez et al., 2000; Zimmermann et al., 2006; Franczyk and Chang, 2009; Nunes et al., 2011; Peng and Wang, 2012) . 
Conclusion
This study has demonstrated that the land use /land cover changes in Ofu River catchment between 1987, 2001 and 2016 has overall effect of 48.09% increase in the total runoff from the catchment. This implies that attention be given to adequate land use pattern in the development of strategies for ameliorating the devastating effect of flood in the study area.
